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C a p t u r i n g I n t u i t i o n s A b o u t 

H u m a n L a n g u a g e P r o d u c t i o n 

Nigel Ward 

University of Tokyo, Faculty of Engineering 

Universit y o f  Californi a a t  Berkeley ,  Compute r  Scienc e Divisio n 

A b s t r a c t 

Human speech is creative. Move specifically, it is 

an effortfu l  proces s tha t  start s & o m a  ric h inpu t 

and create s ne w meaning .  Speec h i s als o incre -

mental ,  a s evidence d b y pause s aa d fals e starts . 

Existin g nKxlel s o f  languag e generatio n hav e no t 

adequatel y addresse d thes e phenomena .  Thi s pa -

per  present s si x principle s whic h specif y a  desig n 

fo r  a  cognitivel y plausibl e generator ,  a s follows : 

Be abl e t o handl e non-trivis J inputs ,  B e abl e t o 

acces s relevan t  words ,  Conside r  man y word s a s 

candidate s fo r  potentia l  inclusion .  Produc e a n ut -

teranc e incrementally ,  Us e feedbac k from  words , 

and Monito r  th e output .  Thes e principle s ca n b e 

implemente d usin g spreadin g activatio n i n a  se -

manti c networ k whic h include s lexice d an d syntac -

ti c knowledge .  Th e prototyp e generatio n syste m 

FI G i s suc h a n implementation . 

Introduction 

The study of human language production is still 

i n it s  infancy .  N o existin g mode l  approache s eve n 

descriptiv e adequacy .  Man y ope n problem s ar e 

wel l  known ,  suc h a s problem s o f  choosin g a  refer -

rin g expressio n o r  choosin g th e correc t  positio n fo r 

an adjunct .  Bu t  ther e eir e deepe r  problems ,  stem -

min g fro m th e failur e t o addres s som e ver y baisi c 

issue s i n languag e production . 

OTĥ mlt s t o Da n Jva-afaky ,  Terr y Regier ,  MichAc l  Gasger , 
Ji m Martin ,  Y .  Kuniyoshi ,  H .  Inoue ,  Rober t  Wilcnsky ,  an d 
Dekai  Wu.  Thi s wta- k wa s supporte d i n par t  b y a  Mon -
bush o Fellowship ,  b y th e Slôu l  Fovmdatio n vi a a  gran t  t o 
th e Bericele y Cognitiv e Scienc e Program ,  an d b y th e De -
fens e Advance d Researc h Project s Agenc y (DoD) ,  moni -
tore d b y th e Spac e an d Nava l  Warfar e Systen u Command 
under  Contrac t  N00039-88-C-0292 . 

I n particular ,  huma n speec h i s creativ e an d in -

cremental .  Thes e tw o phenomen a hav e receive d 

littl e attention ,  perhap s becaus e the y ar e har d t o 

formalize .  Bu t  i t  i s  wort h th e effor t  t o explor e 

thei r  impUcations ,  fo r  the y plac e importan t  con -

straint s o n cognitiv e models .  Thi s pape r  discusse s 

thes e basi c intuitions ,  propose s som e qualitie s tha t 

a generato r  need s i n orde r  t o captur e them ,  an d 

describe s a  generatio n progra m designe d t o exhibi t 

thes e phenomena . 

Phenomena 

Speech is Creative 

"Creative" is here a sort of umbrella term for 

some importan t  intuition s abou t  th e natur e o f 

speech : 

1.  T h e "input "  i s  m u c h riche r  tha n th e 

output .  I n Vygotsky' s words ,  "thought ,  unlik e 

speech ,  doe s no t  consis t  o f  separat e units .  Whe n 

I  wis h t o communicat e th e though t  tha t  toda y I 

sa w a  barefoo t  bo y i n a  blu e shir t  runnin g dow n 

th e street ,  I  d o no t  se e ever y ite m separately :  th e 

boy ,  th e shirt ,  it s  blu e color ,  hi s running ,  th e ab -

senc e o f  shoes "  [Vygotsk y 1982] .  Thi s point s u p 

th e computationa l  task s o f  dividin g an d organiz -

in g th e input . 

Ric h input s caus e anothe r  proble m a s well ,  tha t 

of  selection .  Imagin e a  peac h movin g i n a  strea m 

toward s a  woma n standin g b y th e sid e o f  th e 

stream .  I f  yo u hav e forme d a  ric h imag e o f  thi s 

scene ,  the n yo u ca n thin k o f  man y word s tha t 

coul d b e use d i n a  sentenc e describin g it ,  includ -

in g perhap s "water, "  "flow, "  "float, "  "in, "  "on, " 

"downstream, "  "down, "  "towards, "  "to, "  "mov -

ing, "  "direction, "  "buoyant, "  "bobbing, "  "cur -

rent, "  "with, "  "stream, "  an d s o on .  N o norma l 
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utteranc e wil l  contai n al l  thes e words ,  s o a  speake r 

must  selec t  whic h aspect s o f  a n inpu t  t o express . 

2.  Speec h create s meaning .  Thos e hav -

in g difficult y organizin g a n ide a ofte n us e th e 

strateg y o f  verbahzin g thei r  thoughts ,  hopin g 

t o understan d the m better .  Thi s suggest s tha t 

speakin g involve s creatin g ne w conceptua l  con -

tent ,  an d i s no t  merel y a  proces s o f  encodin g ex -

istin g thoughts .  I n Wittgenstein' s words ,  i t  i s  a 

mistak e t o assum e tha t  "th e thought s ar e alrezid y 

ther e .. .  an d w e merel y loo k fo r  thei r  expression " 

[Wittgenstei n 1963] . 

3.  Speec h i s effortful .  A s suggeste d b y th e 

common sayin g "h e wa s s o bus y talkin g tha t  h e 

neve r  notice d ..., "  eve n th e fol k theor y o f  lan -

guage include s th e notio n tha t  speec h impose s a 

cognitiv e load . 

Speech is Incremental 

Conside r  th e followin g utterance : 

Nigel, you've got such a we-ird answer-

in g machin e message .  -  s o anywa y w e 

need t o kno w wha t  tim e w e ca n com e an d 

rehears e tomorrow ,  -  a-nd ,  -  we'r e as -

sumin g that ,  -  te n o'cloc k i n th e morn -

in g w e 'I I  sho w u p a t  you r  place ,  — and , 

— o r  o r  shortl y thereafter ,  -  an d u h -  i f 

we -  i f  w e don' t  hea r  fro m yo u the n we'l l 

do that ,  i f  yo u -  can' t  d o tha t  the n leav e 

a messag e o n m y machin e ok ? -  thank s 

bye. 

Notation : 

shor t  paus e o r  lengthene d wor d 

— longe r  paus e 

,. ? claus e boundaries ,  base d o n intonatio n 

Now tha t  yo u understan d th e content ,  a  secon d 

readin g wil l  reveal : 

1.  Speec h i s ful l  o f  pauses ,  includin g filled 

pause s suc h a s "uh "  an d "oh. "  Th e obviou s an d 

pervasiv e explanatio n fo r  thi s i s tha t  peopl e thin k 

as the y speak ;  i n particular ,  tha t  "deciding "  wha t 

t o sa y nex t  require s thought .  I n othe r  words ,  th e 

"effort "  o f  speakin g i s expende d "on-line. " 

2.  Speec h exhibit s fals e starts ,  tha t  is ,  case s 

wher e th e speake r  utter s a  fe w words ,  "denies " 

them ,  an d start s over .  Th e obviou s explanatio n 

fo r  thi s i s tha t  speaker s choos e word s withou t 

completel y computin g th e consequence s o f  wha t 

the y ar e likel y t o sa y next .  I n Kempen' s words , 

"speaker s ofte n .. .  initiat e over t  speec h produc -

tio n afte r  havin g worke d ou t  onl y a  fragmen t  o f 

th e conceptua l  conten t  o f  th e resultin g utterance " 

[Kempe n &  Hoenkam p 1987] . 

Speech is Successful 

For the sake of completeness it should be noted 

tha t  peopl e usuall y manag e t o sa y wha t  the y 

mean,  an d the y d o s o mor e o r  les s JM;cordin g t o 

th e rule s o f  thei r  language .  Obeyin g th e rule s 

means producin g a n utteranc e whic h i s no t  onl y 

granmiatica l  bu t  als o consist s o f  a  consisten t  se t  o f 

words .  Th e complexit y involve d i n bein g consis -

ten t  ca n b e see n b y considerin g th e man y way s i n 

whic h a  prepositio n ca n b e inconsisten t  wit h th e 

othe r  word s i n a n utterance : 

went into the hills to gather wood 

*wen t  int o th e hil l  t o gathe r  woo d 

(bu t  "to "  i s  ok ) 

*wen t  int o th e hillsid e t o gathe r  woo d 

(bu t  "gathe r  woo d o n th e hillside "  i s ok ) 

'̂ ?walke d int o th e hill s  t o gathe r  woo d 

Thus, the choice of a preposition can depend on a 

previou s word ,  a  latte r  word ,  th e numbe r  o f  tha t 

word ,  an d s o on . 

Trends in 

G e n e r a t i o n R e s e a r c h 

Human language production has received a fair 

amount  o f  attention ,  bu t  th e phenomen a o f  cre -

ativit y an d incrementalit y hav e bee n largel y ne -

glected .  Thi s sectio n point s ou t  som e broa d trend s 

i n generatio n researc h an d discusse s th e exten t  t o 

whic h th e result s ar e plausibl e cognitiv e models . 

The strength s an d weaknesse s o f  specifi c  model s 

ar e discusse d i n late r  sections . 

Psycholinguists '  model s o f  generatio n hav e no t 

addresse d creativity ,  nor ,  i n general ,  incremental -

ity .  Instead ,  the y generall y targe t  quantifiabl e 

data ,  suc h ei s paus e duration s an d rates ,  speec h 

errors ,  an d respons e latencies .  Thes e ar e typicall y 

explaine d directl y i n term s o f  a  speec h "machine " 

and it s phawes ,  levels ,  modules ,  o r  stage s (fo r  a  sur -

vey o f  man y suc h models ,  se e [Rosenber g 1977]) . 

I n general ,  muc h o f  thi s wor k seem s prematurel y 

concerne d wit h detail s a t  th e expens e o f  th e bi g 

picture ,  an d als o to o willin g t o accep t  th e Vo n 

Neuman compute r  a s a  mode l  fo r  cognition . 

I n th e A I  traditio n "cognitiv e validity "  usu -

all y refer s t o th e us e o f  dat a s<r«c<«re s whic h 
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plausibl y reflec t  huma n knowledge .  Ther e ha s 
been les s us e o f  intuition s abou t  processin g as -

pect s o f  languag e skills .  Ther e ar e exceptions , 

notabl y Kempen' s wor k i n incrementa l  genera -

tio n [Kempe n &  Hoenkam p 1987] .  Bu t  eve n thi s 

seems mostl y motivate d b y th e goa l  o f  producin g 

syntacticl y correc t  output .  Th e resul t  i s ye t  an -

othe r  tree-base d syntacti c engine ,  albei t  on e capa -

bl e o f  generatin g eve n whil e th e speaker' s intentio n 

i s changing . 

Most  researcher s ar e no t  terribl y concerne d i f 

thei r  model s canno t  accoun t  fo r  creativity .  Gen -

eratin g successfull y i s usuall y give n first  priority . 

A typica l  viewpoin t  i s  "whil e ther e ar e creativ e as -

pect s i n speech ,  the y shoul d b e handle d separatel y 

fro m th e basi c generatio n process. "  Ye t  i t  seem s 

wron g no t  t o tr y  fo r  a  unifie d mode l  tha t  ca n ac -

coun t  fo r  bot h creativ e aspect s an d mor e mundan e 

aspect s o f  generation . 

Indeed ,  i t  ma y b e tha t  creativit y an d incremen -

talit y ar e no t  merel y incidenta l  phenomen a bu t 

ar e intrinsi c t o th e generatio n teisk :  t o th e ex -

ten t  tha t  though t  i s creativ e aui d unconstrained , 

so mus t  languag e be ;  t o th e exten t  tha t  languag e 

i s concise ,  i t  mus t  reflec t  a  creativ e selectio n o f  el -

ement s fro m a  thought ;  t o th e exten t  tha t  speec h 

i s produce d i n rea l  tim e an d b y a  speake r  situate d 

i n a  changin g world ,  i t  mus t  b e produce d incre -

mentally . 

Principles for a 

Cogn i t i v e M o d e l 

o f  L a n g u a g e P r o d u c t i o n 

The following principles describe how a genera^ 

to r  shoul d operat e i f  i t  i s t o b e cognitivel y plausi -

ble .  Take n together ,  the y for m a  kin d o f  "specifi -

cation "  fo r  a  generator . 

Principle 1: Be Able to Handle 

Non-TY iv ia l  I n p u t s 

A lot of things are "active in the mind" and af-

fec t  th e generatio n process ,  a s illustrate d b y Vy -

gotsky' s exampl e an d b y th e telephon e message . 

Pragmati c goal s ar e als o activ e i n larg e numbers ; 

i n Hovy' s words ,  "whe n w e speak ,  w e d o no t  tr y t o 

satisf y onl y on e o r  tw o goals ,  an d w e operat e (of -

ten ,  an d wit h success )  unde r  conflictin g goal s fo r 

whic h n o resolutio n exists "  [Hov y 1987] .  Indeed , 

generatio n ca n b e affecte d b y utterl y extraneou s 

thought s [Harle y 1984] .  I t  ma y no t  b e to o muc h t o 

say tha t  th e generator' s inpu t  i s th e entir e brain -

stat e o f  th e speaker .  Fo r  thi s reaso n t o us e th e 

wor d "input "  i s somewha t  inappropriate ,  i n s o fa r 

as i t  evoke s th e imag e o f  a  generatio n proces s run -

nin g a s a n isolate d modul e tha t  i s  paisse d a  fe w 

symbol s an d ha s n o acces s t o othe r  component s o f 

thought . 

Yet  thi s i s exactl y th e imag e tha t  man y gener -

atio n researcher s hav e adopted .  The y assum e th e 

"input "  ca n b e adequatel y modele d a s a  logica l 

form ,  featur e structure ,  conceptualization ,  se t  o f 

propositions ,  o r  th e Uke .  A s a  consequence ,  th e 

most  widel y use d metapho r  fo r  generation ,  eve n 

i n psychologica l  circles ,  seem s t o b e tha t  o f  en -

codin g a  though t  o r  a  "meaning. "  Th e compu -

tationa l  analo g o f  thi s i s t o trea t  generatio n a s a 

proces s o f  mappin g on e representatio n ( a thought ) 

ont o Einothe r  ( a sentence) .  Thi s i s typicaU y don e 

by a  matchin g o r  unificatio n proces s o r  b y a  pro -

ces s tha t  "traverses "  th e inpu t  structure .  Thi s 

metapho r  assumes ,  an d it s  implementation s re -

quire ,  a  simple ,  well-organize d an d contextles s in -

put ,  whic h make s the m implausibl e a s cognitiv e 

models . 

Anothe r  conuno n metapho r  fo r  generatio n i s 

realizin g a  specification .  Thi s metapho r  seem s 

bette r  suite d fo r  explainin g th e abilit y t o handl e 

non-trivia l  inputs .  Ye t  th e computationa l  mod -

el s base d o n thi s metapho r  ar e als o unsatisfactory . 

The first,  syntax-drive n generation ,  seem s har d t o 

reconcil e wit h th e creative ,  meaning-creatin g as -

pect s o f  generation .  Th e secon d i s planning-base d 

generation .  Plannin g technique s seem ,  unfortu -

nately ,  to o genera l  t o cas t  muc h ligh t  o n th e spe -

cifi c  tas k o f  languag e production . 

Principle 2: 

B e Abl e t o Acces s Relevan t  W o r d s 

In order to "say what it means" a genera-
to r  mus t  find  word s relevaai t  t o it s input .  Rele -
vanc e i s no t  alway s a  straightforwar d relationship ; 

many word s ma y quaUf y a s relevan t  [War d 1988] . 

For  example ,  t o produc e a n utteranc e express -

in g somethin g lik e "Chan g live d wit h hi s widowe d 

mother "  a  generato r  ma y nee d acces s t o word s lik e 

"alone, "  "father, "  "without, "  "dead, "  an d "or -

phan. "  Thi s flexibiUty,  sometime s calle d para -

phras e ability ,  i s on e ke y t o creativity . 

A wealt h o f  possibl e choices ,  however ,  i s  some -

thin g tha t  existin g generatio n model s (wit h th e 
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exceptio n o f  plannin g an d unificatio n approaches ) 

canno t  cop e with .  Thi s i s becaus e thei r  basi c al -

gorithm s ar e fundamentall y serial .  Th e proble m 

of  producin g a  grammatical ,  consistent ,  an d ap -

propriat e utteranc e despit e a  wealt h o f  choice s i s 

th e primar y topi c o f  th e remainin g principles . 

Principle 3: Consider Many Words 
as Candidate s fo r  Potentia l  Inclusio n 

Recal l  th e proble m o f  makin g a  consisten t  se t 
of  choices :  a  wor d choic e whic h seem s excellen t  i n 

isolatio n ma y tur n ou t  t o b e inappropriat e whe n 

th e possibilitie s fo r  neighborin g word s ar e consid -

ered .  I n orde r  t o hav e a  goo d chanc e o f  findin g a 

set  o f  choice s whic h ar e al l  individuall y reasonabl e 

and togethe r  for m a  consisten t  set ,  a  generato r 

must  conside r  man y alternativ e words .  Th e pre -

viou s principl e say s tha t  a  generato r  shoul d hav e 

acces s t o man y words ;  thi s on e say s tha t  i t  shoul d 

activel y conside r  the m "a t  ru n time. "  Tha t  is ,  i t 

shoul d conside r  man y alternativ e word s i n paral -

lel .  Thi s allow s i t  t o represen t  al l  dependencie s 

and "solve "  the m together . 

Consideratio n o f  man y possibl e word s i s neces -

sar y fo r  anothe r  reaso n also :  th e hug e numbe r  o f 

availabl e concept s i f  th e inpu t  i s non-trivial .  A 

generato r  wil l  typicall y directl y expres s onl y a  fe w 

of  th e possibl e concepts ,  a s th e "floatin g peach " 

exampl e shows .  No t  unti l  word s ar e considere d 

can a  generato r  kno w whic h concept s i t  shoul d 

select .  Danlo s ha s pointe d ou t  that ,  i n general , 

"conceptua l  an d linguisti c decision s .. .  ar e al l 

dependen t  o n on e another "  [Danlo s 1984] .  (Th e 

distinctio n betwee n strateg y an d tactic s i n gen -

eratio n [Thompso n 1977 ]  i s a n attemp t  t o defin e 

thi s proble m away. )  I n mos t  generators ,  however , 

th e inpu t  consist s o f  a  smal l  se t  o f  proposition s o r 

nodes ,  i n whic h cas e generatio n i s a  trivia l  matte r 

of  mappin g eac h elemen t  o r  htera l  t o a n appropri -

at e word . 

Most  model s o f  generatio n d o no t  includ e con -

side r  candidat e word s i n parallel .  O n th e con -

trary ,  i t  i s  commo n t o trea t  wor d choic e i n term s 

of  dictionar y lookup ,  pointe r  following ,  o r  check -

lis t  evaluation ,  al l  o f  whic h generat e onl y a  fe w 

candidates .  O f  course ,  th e looku p proces s i s usu -

all y constraine d b y previou s choices ,  bu t  neve r  b y 

probabl e futur e choices .  Alternative s ar e usuall y 

not  considere d unles s a  failur e i s detected ,  i n whic h 

cas e specia l  processin g i s started ,  suc h a s back -

trac k o r  a  searc h proces s t o fin d anothe r  word . 

I t  i s  wort h notin g tha t  th e goa l  o f  producin g a 

consisten t  se t  o f  choice s ma y conflic t  wit h th e goa l 

of  usin g relevan t  words .  Tha t  is ,  a  speake r  mus t 

sometime s mak e trade-off s betwee n bein g faithfu l 

t o hi s intentio h an d soundin g natura l  an d fluent. 

To mak e thes e divers e goal s b e comeasurat e a  gen -

erato r  need s som e "scoring "  mechanis m t o enabl e 

i t  t o determin e wha t  se t  o f  choice s i s th e bes t  com -

promise . 

Principle 4: 

P r o d u c e a n U t t e r a n c e Incrementa l l y 

A cognitiv e mode l  o f  generatio n shoul d b e incre -

mental ,  o r  i n othe r  words ,  "on-line. "  Tha t  is ,  mos t 

of  th e processin g relatin g t o th e outpu t  o f  a  wor d 

shoul d b e don e nea r  th e tim e whe n tha t  wor d i s 

output .  Incrementa l  generatio n stand s i n contras t 

t o multi-pas s generatio n an d t o top-dow n gener -

ation .  Multi-pas s generatio n i s obviousl y useles s 

fo r  cognitiv e modelin g — i f  speaker s first  planne d 

th e conten t  the n th e syntacti c for m an d the n th e 

words ,  an d onl y the n bega n t o speak ,  ther e woul d 

be n o explanatio n fo r  fals e starts .  Top-dow n gen -

eratio n als o canno t  serv e a s a  cognitiv e mode l  — 

a proces s tha t  expand s S  t o a  surfac e string ,  pre -

servin g grammaticalit y a t  eac h step ,  ca n hardl y 

accoun t  fo r  disfluencie s an d fals e starts . 

An incrementa l  generato r  need s a n explici t  rep -

resentatio n o f  th e curren t  stat e o f  th e generatio n 

proces s a t  eac h moment .  Mos t  model s o f  gener -

atio n d o without ,  maintainin g stat e i n pointer s 

t o sub-tree s o r  lexica l  entries ,  o r  implicitl y  i n th e 

proces s state .  A n explici t  representatio n allow s 

straightforwar d explanatio n o f  errors .  Fo r  exam -

ple ,  fals e start s ca n b e explaine d i n term s o f  wha t 

i s  unde r  consideratio n a t  eac h poin t  i n time ,  rathe r 

tha n i n term s o f  buffe r  propertie s o r  architectura l 

shortcomings . 

Ther e i s a  superficia l  contradictio n betwee n 

choosin g word s on e b y on e an d choosin g a  con -

sisten t  se t  o f  word .  Ther e i s n o contrawiictio n i f  a 

generato r  represent s relevanc e i n general ,  no t  jus t 

fo r  th e nex t  outpu t  position .  Fo r  example ,  i f  a  gen -

erato r  ha s a  representatio n o f  th e fac t  tha t  "th e 

hills "  i s  likel y t o emitte d sometim e soon ,  i t  ca n 

use thi s fac t  t o infe r  tha t  "into "  i s hkel y t o b e ap -

propriat e now .  This ,  th e nee d t o represen t  futur e 

possibl e choice s an d thei r  likelihoods ,  o f  cours e re -

quire s ye t  mor e parallelism . 
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Principl e 5 : 
U s e Feedbac k f ro m W o r d s 

"Speech creates meaning" in part because the 
availabiht y o f  word s durin g generatio n affect s th e 

though t  o f  th e speaker .  Mor e concretely ,  th e re -

trieva l  o f  a  word ,  fo r  whateve r  reason ,  provide s 

an opportunit y t o us e th e associate d concep t  i n 

thought .  Thi s i s o f  cours e a  wea k versio n o f  th e 

Sapir-Whor f  hypothesis . 

The incrementalit y principl e an d th e feedbac k 

principl e togethe r  hav e a n interestin g implication . 

Sinc e mos t  o f  th e processin g o f  a  wor d i s don e 

jus t  befor e tha t  wor d i s output ,  i f  feedbac k i s 

present ,  the n concept s associate d wit h tha t  wor d 

wil l  becom e th e "focu s o f  processing. "  Thi s ac -

count s neatl y fo r  Chafe' s ide a o f  a  "movin g focu s 

of  attention "  whic h successivel y "hght s up "  vari -

ous part s o f  th e inpu t  durin g th e cours e o f  gener -

atio n [Chaf e 1980] . 

I f  th e incrementalit y principl e i s take n t o th e 

extrem e i t  lead s t o th e clai m tha t  "ther e i s noth -

in g mor e t o generatio n tha n successiv e choice s o f 

words, "  an d tha t  th e wor d order ,  syntacti c struc -

ture ,  an d conceptua l  conten t  o f  utterance s ar e 

emergent .  I n othe r  words ,  synta x an d conten t  ar e 

correctl y forme d withou t  benefi t  o f  a  mechanis m 

t o explicitl y  mak e syntacti c o r  conceptua l  choices . 

On thi s view ,  meanin g arise s a s sid e effec t  o f  th e 

proces s o f  finding  words . 

Principle 6: Monitor the Output 

A generator should exploit feedback from past 

wor d choices .  Thi s i s especiaU y importan t  i n a n 

incrementa l  generato r  becaus e i t  i s  necessar y t o 

make sur e tha t  th e generatio n proces s stay s "o n 

track. "  On e thin g feedbac k mus t  ensur e i s tha t 

th e syste m ha s a  correc t  representatio n o f  wha t 

fractio n o f  th e inpu t  ha s bee n conveye d an d wha t 

remain s t o b e said .  Fo r  example ,  afte r  emittin g 

'Hher e wa s a  peac h floating  i n th e stream, "  i t  mus t 

realiz e tha t  informatio n ha s bee n conveye d implic -

itly ;  thi s prevent s i t  fro m continuin g redundantl y 

wit h "movin g downstream "  o r  "bein g move d b y th e 

current. "  Feedbac k mus t  als o ensur e a  correc t  rep -

resentatio n o f  th e curren t  syntacti c state . 

Feedbac k i s necessar y becaus e th e othe r  prin -

ciple s requir e th e generato r  t o simultaneousl y sat -

isf y man y goal s an d subgoals .  Th e generato r  mus t 

"want "  t o expres s al l  th e input ,  t o b e concise ,  an d 

t o b e grammatical .  T o th e exten t  tha t  thes e goal s 

ar e al l  activ e a t  ru n tim e ther e mus t  b e processe s 

t o chec k an d updat e th e curren t  statu s (satisfie d 

or  not )  o f  eac h goal . 

Whil e monitorin g i s widel y advocated ,  i t  i s  no t 

actuall y ver y critica l  fo r  conventiona l  model s o f 

generation .  Fo r  example ,  direc t  replacemen t  gen -

erator s produc e a n utteranc e isomorphi c t o th e 

meanin g structur e the y ar e given ,  an d henc e al -

lo w n o possibilit y  fo r  creativ e wor d choice .  Thu s 

th e outpu t  i s guarantee d t o (trivially )  confor m 

t o th e inpu t  — monitorin g i s no t  reall y needed . 

Similarly ,  syntaoc-drive n generator s neve r  outpu t  a 

wor d withou t  knowin g i n advanc e th e imphcation s 

fo r  th e sentence' s syntacti c structure .  Everythin g 

i s predictabl e s o n o monitorin g i s needed . 

Implementation 

Generating with Spreading 
Activatio n 

The spreading activation framework is well 
suite d fo r  implementin g th e abov e principles .  Th e 

basi c idea s behin d spreadin g activatio n are :  a  net -

wor k represent s knowledge ,  th e activatio n level s o f 

node s i n th e networ k represen t  th e proces s state , 

and flow  o f  activatio n amon g node s represent s ev -

idence .  I n generation ,  a  node' s aurtivatio n leve l 

represent s th e degre e t o whic h i t  i s  relevan t  t o th e 

inpu t  o r  t o th e utteranc e unde r  construction .  Gen -

eratio n bein g a n increments d process ,  th e activa -

tio n leve l  o f  a  nod e represent s it s relevanc e a t  th e 

curren t  time .  A  spreadin g activatio n mode l  ca n 

embody th e principle s a s follows : 

1.  Th e inpu t  i s  a  (potentiall y large )  se t  o f  acti -

vate d nodes . 

2.  Activatio n flows  i n al l  directions ,  bu t  i n par -

ticula r  i t  flows from  concept s t o words ,  vi a path s 

comprise d o f  Unk s representin g worl d knowledg e 

and lexica l  knowledge .  Activatio n flow  acros s lon g 

path s correspond s t o th e chain s o f  inferenc e i n or -

der  t o "access "  word s tha t  appea r  i n othe r  models . 

Ther e i s n o nee d t o separat e lexica l  informatio n 

int o a  specia l  dat a structure ;  word s are ,  lik e ev -

erythin g else ,  simpl y node s i n th e net . 

3.  A t  an y give n time ,  man y node s hav e activa -

tion ,  includin g man y whic h represen t  words .  Th e 

networ k i s designe d s o tha t  it s stabl e state s rep -

resen t  consisten t  set s o f  choices .  I n orde r  fo r  i t  t o 

settl e i n thi s wa y i t  ha s link s amon g word s tha t 

cooccur ,  an d betwee n compatibl e choice s i n gen -

eral . 
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Thi s basi c mechanis m i s extende d t o handl e syn -

tax .  Thi s solutio n i s base d o n Constructio n Gram -

mar  [Fillmore ,  Kay ,  &  O'Connor ,  t o appear] ,  a 

framewor k i n whic h th e basi c unit s o f  grammatica l 

knowledg e ar e constructions ,  suc h a s th e subject -

predicat e construction ,  th e noun-phras e construc -

tion ,  th e existential-ther e construction ,  an d vari -

ous comparativ e constructions .  Construction s ar e 

encode d i n th e network ,  wher e thei r  primar y rol e 

i s t o transmi t  activatio n t o words .  A t  ru n tim e 

many construction s hav e activation ,  an d the y co -

operat e an d compete ,  "trying "  t o influenc e whic h 

word s ge t  chosen .  (Thi s conform s nicel y t o anal -

yse s o f  speec h erro r  dat a whic h sugges t  tha t 

eve n norma l  speec h i s th e resul t  o f  competin g 

"plans"[Baar s 1980]. )  I f  th e networ k i s designe d 

right ,  th e state s i t  settle s int o wil l  represen t  set s 

of  choice s whic h ar e consisten t  fro m th e syntacti c 

poin t  o f  vie w also . 

I t  i s  ver y har d t o prov e tha t  th e outpu t  o f 

thi s mode l  wil l  b e grammatical ,  du e t o th e mas -

siv e paralleUsm .  O n e ca n sa y tha t  i t  strive s fo r 

grammaticality ,  withou t  bein g certai n o f  acheiv -

in g it .  Thi s seem s appropriate ,  sinc e neithe r  i s 

human speec h consistentl y grammatical .  Despit e 

this ,  othe r  model s o f  generatio n usuall y giv e spe -

cia l  statu s t o syntacti c considerations .  Fo r  exam -

ple ,  synta x i s ofte n treate d a s a  se t  o f  constraints , 

or  a  filter ,  o r  a n engine .  Othe r  construction-base d 

approache s emplo y som e unificatio n o r  matchin g 

proces s t o arbitrat e amon g o r  coordinat e construc -

tions ,  rathe r  tha n havin g the m compet e a t  ru n 

time . 

4.  A n utteranc e i s  produce d b y periodicall y 

selectin g an d emittin g th e mos t  highl y activate d 

word-node .  Thes e ar e th e onl y explici t  choices ; 

al l  othe r  choice s ar e emergent .  Syntacti c consid -

erations ,  fo r  example ,  manifes t  themselve s onl y 

throug h thei r  effect s o n th e relativ e activatio n lev -

el s o f  nodes . 

As a  resul t  thi s i s  a  ver y ope n architecture . 

Th e generato r  doesn' t  kno w o r  car e i f  extrane -

ous consideration s recentl y altere d th e activatio n 

leve l  o f  som e node .  Moreover ,  i t  i s  robus t  i n th e 

fac e o f  suc h changes ,  tha t  is ,  a  reasonabl e out -

put  shoul d alway s result ,  provide d onl y tha t  th e 

networ k i s give n tim e t o settle .  Thus ,  lik e K e m -

pen' s I P G [Kempe n &  Hoenkam p 1987] ,  i t  ca n op -

erat e i n fac e o f  changin g thoughts ,  since ,  n o mat -

te r  what ,  i t  jus t  choose s th e nex t  wor d base d o n 

activatio n levels . 

5.  Activatio n flows  i n al l  directions ,  an d i n par -

ticula r  fro m word s t o concepts ,  thereb y providin g 

feedback .  Sinc e ther e i s a  unifie d knowledg e rep -

resentation ,  feedbac k i s eas y an d pervasive . 

6.  A  monitorin g proces s update s activatio n lev -

el s afte r  eac h wor d i s emitted .  Thi s t o ensur e tha t 

activatio n level s alway s represen t  th e curren t  stat e 

of  th e generatio n process .  S o m e o f  th e specifi c 

thing s involve d her e are :  updatin g th e node s rep -

resentin g th e curren t  syntacti c state ,  zeroin g ou t 

th e activatio n o f  a  wor d afte r  i t  ha s bee n emitte d 

(t o ensur e tha t  i t  wil l  no t  b e selecte d agai n imme -

diately) ,  an d zeroin g ou t  th e activatio n o f  thos e 

node s o f  th e inpu t  whic h hav e bee n expressed . 

FIG -
A Flexibl e Incrementa l  Generato r 

The above scheme has been implemented as 
a progra m calle d FI G (fo r  "Flexibl e Incremen -
ta l  Generator") .  I t  work s i n th e domai n o f  fair y 

tales ,  fo r  n o goo d reason .  FIG' s tas k i s  gener -

atin g Englis h i n th e contex t  o f  machin e transla -

tion .  Th e abov e principle s are ,  o f  course ,  mos t 

appropriat e t o spontaneou s languag e production , 

but  the y ar e als o relevan t  t o machin e translation . 

Th e abiht y t o produc e languag e i s th e mos t  im -

portan t  componen t  skil l  o f  th e translator' s ar t 
[Seleskovitc h 1968] ;  an d creativity ,  i n particular , 

i s  necessar y i n orde r  t o produc e natura l  trans -

lation s [War d 1989] .  O n e advantag e o f  studyin g 

generatio n i n th e contex t  o f  translatio n make s 

i t  harde r  t o "cheat. "  Ther e i s a  temptatio n i n 
generatio n researc h t o star t  fro m input s whic h 

ar e reall y jus t  disguise d Englis h sentences .  F I G 

generate s directl y fro m th e outpu t  o f  a  Japanes e 

parser/understander ,  avoidin g thi s temptation . 

I n connectionis t  terminology ,  F I G i s a  "localist " 

system .  Tha t  is ,  ther e i s a  one-to-on e correspon -

denc e betwee n concept s an d nodes .  Fo r  exam -

ple ,  o l d - w o m a n ,  long-ago ,  stream ,  an d gathe r 

ar e al l  nodes ,  a s ar e words ,  suc h a s " w o m a n " . 

Whil e system s wit h distribute d representation s 
hav e m a n y advantages ,  localis t  system s ar e eas -

ie r  t o implement ,  debug ,  an d explain ,  an d hav e 

most  o f  th e sam e characteristics . 

Th e purpos e o f  implementatio n i s t o identif y th e 

functionalit y neede d fo r  generatio n an d t o uncove r 

ways t o provid e i t  usin g spreadin g activation .  I 

make n o claim s fo r  F I G a s a  program ;  I  hav e lit -

tl e confidenc e i n th e detail s o f  representatio n (fo r 

example ,  th e ontolog y o f  lin k types ,  o r  th e heuris -

tic s fo r  assignin g lin k weights )  o r  th e detail s o f 
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processin g (fo r  example ,  th e criteri a t o determin e 
when th e networ k ha s settle d int o a  stabl e state) . 
Experiment s wit h FIG ,  however ,  ar e leadin g t o 
an understandin g o f  wha t  kind s o f  knowledg e ar e 
needed fo r  generatio n an d ho w the y shoul d inter -
act .  Some o f  th e result s o n lexica l  knowledg e an d 
wor d choic e ar e reporte d i n [War d 1988] . 

The remainder of this section gives some details 
t o illustrat e th e FI G approach .  Discussio n focuse s 
on synta x becaus e i t  i s  no t  obviou s ho w t o handl e 
i t  i n a  spreadin g activatio n framework . 

A constructio n i s represente d a s a  nod e linke d 
t o node s representin g semanti c an d pragmati c con -
text s wher e i t  i s  appropriate ,  th e syntacti c envi -
ronment s i n whic h i t  ca n appeu ,  an d it s interna l 
structure .  Fo r  example ,  conside r  th e existential -
ther e constructio n [Lakof F 1987] .  I n th e ne t  ther e 
i s th e nod e ex-there ,  an d from  i t  bnk s t o node s 
representin g it s constituents :  ex-there.first ,  ex -
there-second ,  an d ex-there.third .  Fro m thes e 
constituent s ar e link s to ,  respectively ,  th e wor d 
"there" ,  th e categor y stative-verb ,  an d th e 
categor y noiin .  ex-ther e i s als o linke d t o 
introductory-sentence ,  representin g tha t  i t  i s 
appropriat e t o us e thi s constructio n whe n intro -
ducin g a  ne w perso n int o th e domai n o f  discourse . 

The curren t  syntacti c stat e i s represente d b y th e 
activatio n level s o f  th e constituent s o f  construc -
tions .  Ther e i s petralleUs m withi n constructions : 
"future "  constituent s al l  hav e som e degre e o f  ac -
tivation ,  proportiona l  t o thei r  imminence .  (Thi s 
i s necessar y t o handl e backward s dependencies ,  a s 
i n th e "int o th e hills "  example ,  an d als o t o handl e 
optiona l  constituent s an d adjuncts. ) 

To se e ho w thi s knowledg e i s use d durin g gener -
ation ,  suppos e tha t  FI G i s give n a n inpu t  includ -
in g concept-node s lik e woman ,  old ,  live ,  poor , 
fairy-tale ,  introductory-sentence ,  an d hovel . 
Suppos e furthe r  tha t  FI G ha s alread y emitte d 
"onc e upo n a  time. "  I n thi s contex t  ex-ther e re -
ceive s activatio n fro m woman ,  indirectly ,  vi a a 
pat h consistin g o f  "wom«m "  (th e word ,  no t  th e 
concept) ,  noun ,  an d ex-there.second .  I t  als o 
receive s activatio n fro m introductory-sentence . 
As a  resul t  ex-ther e become s highl y activate d 
(relativ e t o othe r  constructions ,  suc h a s subject -
predicate ,  th e constructio n responsibl e fo r  nor -
mal  S V order) .  A  larg e fractio n o f  thi s activa -
tio n flows from  ex-ther e vi a ex-there.firs t  t o 
"there "  (sinc e initiall y  th e first  constituen t  o f  ev -
er y constructio n i s th e mos t  highl y activated) .  A s 

a resul t  o f  thi s activation ,  "there "  become s th e 
most  highl y activate d o f  th e node s representin g 
words ,  s o "there "  wil l  b e emitte d next . 

Afte r  "there "  i s output ,  activatio n level s ar e 
update d t o represen t  th e ne w syntacti c situa -
tion .  A s a  resul t  ex-there' s secon d constituent , 
ex-there.8econd ,  i s highl y activated .  Activa -
tio n flows  fro m ex-there-second ,  t o th e featur e 
stative-verb ,  an d fro m ther e t o stativ e verbs .  A t 
thi s poin t  th e wor d "live "  wil l  hav e th e highes t 
activatio n o f  an y word ,  becaus e i t  receive s activa -
tio n fro m bot h syntacti c source s (stative-verb ) 
and semanti c source s (th e nod e live ,  a  componen t 
of  th e input) .  Thu s FI G wil l  emi t  "lived "  next . 
(Ther e i s a  kludg e fo r  morphology) . 

Thi s exampl e illustrate s severa l  things :  Activa -
tio n flow  fro m constituent s t o word s help s deter -
min e whic h wor d get s chose n an d emitte d next . 
Ther e i s "bottom-up "  activatio n whic h flows  fro m 
word s "up "  t o construction s the y coul d b e con -
stituent s for .  Appropriat e word s ar e selecte d du e 
t o a  sor t  o f  "cooperation "  betwee n syntacti c an d 
semanti c considerations ,  sinc e th e activatio n leve l 
of  a  wor d i s give n b y th e su m o f  th e amount s o f 
activatio n receive d fro m al l  sources . 

FIG' s knowledg e networ k currentl y include s 
about  10 0 node s an d 30 0 hnks .  I t  produce s ut -
terance s Uk e "Onc e upo n a  tim e ther e live d a n ol d 
man an d a n ol d woman, "  an d "On e da y th e ol d 
man wen t  t o th e hill s  t o gathe r  wood. "  T o pro -
duce th e latte r  take s abou t  2 1 second s o n a  Su n 
4/110 . 

Related Work 

FI G build s o n othe r  connectionis t  an d 
activation-base d model s o f  generation .  Del l  [1986 ] 
develope d a  connectionis t  mode l  o f  th e phoneti c 
realizatio n o f  words .  H e emphasize d th e rol e o f 
bottom-u p feedbac k (i n hi s cas e fro m phoneme s t o 
words) ,  an d realize d tha t  activatio n level s shoul d 
represen t  relevanc e i n general ,  a s wel l  a s appropri -
atenes s fo r  th e ver y nex t  outpu t  position .  Stem -
berge r  [1985 ]  propose d a  simila r  mode l  fo r  lexica l 
acces s an d wor d order .  Gasse r  [1988 ]  implemente d 
suc h a  model ,  CHIE ,  an d note d numerou s advan -
tages ,  includin g robus t  wor d choice .  Compare d 
wit h CHIE ,  FI G i s les s top-down ,  mor e incremen -
tal ,  an d relie s mor e o n parallelis m an d emergents . 
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Direct ion s 

While FIG implements the principles for a cog-

nitiv e mode l  fo r  languag e production ,  i t  doe s no t 

full y  captur e th e intuition s abou t  languag e pro -

duction .  I t  i s  incremental ,  ofte n successful ,  bu t 

neve r  ye t  creative .  T o mak e FI G becom e mor e 

successful ,  I  a m graduall y extendin g it s  knowl -

edge network .  O n th e agend a ar e investigation s 

of  ho w t o handl e specifi c  topics ,  suc h a s morphol -

ogy,  phonology ,  agreement ,  an d ellipsis ,  withi n th e 

spreadin g activatio n framework .  T o mak e FI G ex -

hibi t  creativit y wil l  b e harder .  Thi s wil l  requir e 

massivel y scalin g u p th e networ k s o tha t  ther e ar e 

an abundanc e o f  choices .  On e difficult y wil l  b e 

tha t  i t  take s a  fai r  amoun t  o f  compute r  tim e t o d o 

experiments ,  eve n fo r  smal l  networks .  Anothe r  i s 

tha t  i t  take s a  lo t  o f  effor t  t o exten d th e network ; 

at  som e poin t  a  learnin g algorith m wil l  b e needed . 

References 

[Baars  1980] Baars, Bernard J., The Competing 
Plan s Hypothesis :  a n heuristi c viewpoin t  o n 

th e cause s o f  error s i n speech ,  i n Tempora l 

Variable s i n Speech ,  Han s W .  Decher t  an d 

Manfre d Raupac h (eds.) ,  Mouton ,  1980 . 

[Chafe 1980] Chafe, Wallace L., The Deployment 

of  Consciousnes s i n th e Productio n o f  a  Nar -

rative ,  i n Th e Pea r  Stories ,  Wallac e L .  Chaf e 

(ed.) ,  Ablex ,  1980 . 

[Danlos 1984] Danlos, Laurence, Conceptual and 

Linguisti c Decision s i n Generation ,  Coling -

84,  1984 . 

[Dell 1986] Dell, Gary, A Spreading-Activation 

Theor y o f  Retrieva l  i n Sentenc e Production , 

Psychologica l  Revie w 93 ,  283-321 ,  1986 . 

[Fillmore, Kay, & O'Connor, to appear] 

Fillmore ,  Charle s J. ,  Pau l  Kay ,  an d M .  C . 

O'Connor ,  Regularit y an d Idiomaticit y i n 

Grammatica l  Constructions :  Th e Cas e o f  Le t 

Alone ,  Language ,  t o appear . 

[Gasser 1988] Gasser, Micheal, A Connectionist 

Model  o f  Sentenc e Generatio n i n a  Firs t  an d 

Second Language ,  P h D Thesis ,  als o Techni -

cal  Repor t  UCLA-AI-88-13 ,  Compute r  Sci -

ence Department ,  Universit y o f  California , 

Los Angeles ,  1988 . 

[Harle y 1984 ]  Harley ,  Trevor ,  A  Critiqu e o f  Top -

down Independen t  Level s o f  Speec h Pro -

duction :  Evidenc e from  Non-Plan-Interna l 

Speech Errors ,  Cognitiv e Science ,  8 ,  1984 . 

[Hovy 1987] Hovy, Eduard, Generating Natural 

Languag e Unde r  Pragmati c Constraints ,  Ph D 

Thesis ,  als o Technica l  Repor t  YaleU/CSD / 

RR #521 ,  1987 . 

[Kempen & Hoenkamp 1987] Kempen, Gerard, 

and Edwar d Hoenkamp ,  A n Incrementa l  Pro -

cedura l  Grammar  fo r  Sentenc e Formulation , 

Cognitiv e Science ,  11 ,  201-258 ,  1987 . 

[Lakofri987] Lakoff, George, Women, Fire, and 

Dangerou s Things ,  Universit y o f  Chicag o 

Press ,  1987 . 

[Rosenberg 1977] Rosenberg, Sheldon, Semantic 

Constraint s o n Sentenc e Production :  A n Ex -

perimenta l  Approach ,  i n Sentenc e Produc -

tion ,  Sheldo n Rosenber g (ed.) ,  195-228 ,  Erl -

baum,  1977 . 

[Seleskovitch 1968] Seleskovitch, Danica, L'inter-

pret e dan s le s conference s intemationales , 

Minard ,  Paris ,  1968 . 

[Stemberger 1985] Stemberger, Joseph Paul, An 

Interactiv e Activatio n Mode l  o f  Languag e 

Production ,  i n Progres s i n th e Psycholog y o f 

Language ,  Volum e 1 ,  Andre w W .  Elli s  (ed.) , 

Erlbaum ,  1985 . 

[Thompson 1977] Thompson, Henry, Strategy 

and Tactics :  A  Mode l  fo r  Languag e Produc -

tion ,  Proceeding s o f  th e Chicag o Linguistic s 
Society ,  13 ,  1977 . 

[Vygotsky 1982] Vygotsky, Lev S., Thought and 

Languag e M I T an d Wiley ,  196 2 

[Ward 1988] Ward, Nigel, Issues in Word Choice, 

Proceeding s o f  Coling-88 ,  Budapest ,  198 8 

[Ward 1989] Ward, Nigel, A Model for Natural 

Machin e Translation ,  Jouho u Shor i  Gakka i 

DaiSSka i  Zenkok u Taikai ,  Tokyo ,  1989 . 

[Wittgenstein 1963] Wittgenstein, Ludwig, Philo-

sophica l  Investigations ,  Blackwell ,  Oxfor d 

1963 . 

963 


	cogsci_1989_956-963



